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1. 
I. INTRODUCTION 
The general acceptance of the efficacy of 
green manures in sustaining and in replenishing the 
organic matter content of the soil has stimulated 
investigation into the many ramifying consequences of 
this practice. One of the first problems that 
confronted investigators, because of its importance in 
the mineral nutrition of plants, was the effect of 
green manures upon soil acidity. The bulk of this 
research has dealt solely with the change in active 
soil acidity consequent upon the decomposition of 
organic materials, with little attention focused upon 
the concomitant change in buffer capacity. It is 
axioma,tic in agronomical literature that highly organic 
soils are highly buffered. It should follow, then, that 
the incorporation of green manures should affect not 
only the active soil acidity but also soil buffer 
capacity. 
The present investigation is concerned with 
the effect of decomposing plant residues upon the 
buffer capacity towards acid of two Massachusetts soils. 
2. 
II. REVIEW OF LITERATURE 
Russell (13) observed that in general soils 
"behave like weak polybasic acids in that their reaction 
changes slowly and continuously with successive additions 
of acid or alkali". There is, thus, no sharp transition 
of pH value such as occurs in the neutralization of 
strong acids or of strong bases, "instead of requiring 
the addition of a mere trace of alkali to bring the 
suspension of pH 10 soils require considerably more".(13) 
This resistance to change in pH is called buffer action, 
and (13) "the curve shoxfing the reaction plotted against 
the quantity of acid or alkali added is called the buffer 
or titration curve". Figure 1 shows the buffer curve 
for an English subsoil ( ). 
Meyers and G-illigan (10) have propounded a 
straight forward explanation of this action, 
R - any base 
X - any complex colloidal 
acid radical which may 
RX 4 HC1 = RC1 4 HX be the colloidal 
particle itself. 
The equation is explained as follows (10), "When an acid 
3. 
is added to a soil it reacts with the colloidal salt 
RX forming the crystalloid salt RC1 and the weak colloidal 
acid HX. The salt, RC1, will then tend to associate 
the colloidal acid HX, which in addition to the weakness 
of HX, will cause but slight change in the hydrogen ion 
concentration. When HC1 is added in excess of that 
required to convert all of the R to RC1, this salt, 
and the colloidal acid, each having an ion in common 
with HC1 will, repress the ionization of HCL according 
to the law of mass action, thereby preventing a change 
in the hydrogen ion concentration.11 Baver (3) has 
criticized this theory on the ground that "it eliminates 
any direct effect of the exchange complex and of the 
colloidal clay acids upon the buffering of the soil 
system." The effect of the exchange complex has been 
emphasized by Emerson (7) who stated that the buffer 
action of soils is concerned chiefly with the exchange 
complex, and that it is an expression of the replacing 
activity of the hydrogen ions (7), "When the hydrogen 
ion concentration of a solution brought in contact with 
a given soil exceeds that given by the ionization of the 
exchange complex, an exchange of ions will take place. 
This results in hydrogen ions being absorbed from the 
solution and the formation of a simple salt of the 
substituted base or bases. The buffer property against 
acids is thus conditioned on the presence of base or 
bases in replaceable form." Baver also concurs with 
Bradfield (3) that the properties of buffer action 
derive from "the dissociation phenomena of weak colloidal 
alumino-silicic acids and their salts. ... being similar 
to a very heterogenous acid/salt buffer mixture of pure 
chemistry. 11 This relationship is equated (3), 
pH = pK 4 i0g (Salt of colloidal acid) 
(Colloidal clay acid ) 
"Where pK is the negative logarithm of the apparent 
dissociation constant of the colloidal clay acid, Y is 
the variable or variables which affect this equation, 
namely, degree of dissociation, hydrolysis, and the 
solubility of the colloidal clay salts as related to the 
nature of the cation on the colloidal complex." In 
contrast to the opinions of Baver and Bradfield, Britton 
(5) has suggested that the buffer action of soils need 
not necessarily be premised upon the polybasicity of 
colloidal acids, but that buffer action might be the 
resultant of a number of successive reactions in which 
the various components of the alumino-silicic group 
take part. Thus, for example, in the case of the addition 
5. 
of a base to the soil the following sequence might occur 
(5), 
a. "A reaction between the aluminum hydroxide and 
the base to form a soluble aluminate, buffering 
between pH 8 to pH 10". 
b. "A reaction between the base and hydrated 
silica, giving rise to a gradual rise in pH 
from 6 upwards". 
c. "An equilibrium between the silicic acid and 
any soluble aluminate, which may have been 
initially formed, to give calcium silicate 
and hydrated alumina producing a hydrogen 
concentration-from 6 upwards." 
Happen (3), as did Britton., conceived soil 
buffer action as the consequence of several superimposed 
reactions. Happen considered that H and OH ions were 
removed from the soil in a manner similar to a straight 
neutralization process, (3) "In the acidulation of an 
alkaline soil several different processes are involved... 
In the first place, the H ions of the added acid react 
with the OH ions from the hydrolysis of carbonates. 
6. 
/ 
After the disappearance of OH ions the soil acts 
buffered due to dissociation phenemona between the 
free carbonic acid and bicarbonate. Further acidifying 
causes the humates and zeolitic silicates to produce 
buffer action by replacement of the Ca and Mg ions with 
H ions, resulting in the formation of difficulty - 
soluble clay and humic acids. The addition of more 
acid increases the buffer capacity due to the formation 
of aluminum salts through the partial destruction of 
the silicate complex.11 
The uncertainty as to the exact mechanism of 
soil buffer action does not vitiate the prevailing 
assumption that buffer action is chiefly a function of 
the colloidal fraction of the soil. Studies by Anderson 
and Byers (2) have shown the close relation between the 
buffer capacity of a soil and the per cent of colloid 
present. Figure 2, taken from Baver illustrates this 
point. The buffer curve of soil A, 6 per cent colloidal, 
being abrupt and evidencing slight buffer capacity; the 
buffer curve of soil B, 57 per cent colloidal, evidencing, 
on the other hand, a comparatively large capacity for 
buffering. 
While the absolute quantity of colloid 
V 
present may be the major determinant of the capacity of 
7. 
a soil to buffer against acid of base, there are other 
soil factors which may decisively condition this action. 
Anderson and Byers (2) for example, had found that the 
elemental relationships within the colloid, as typified 
by the Silica-sesquioxide ratio, will to a large degree 
determine the magnitude of buffer action. It was found 
that in general colloids possessing a wide ratio show 
a greater buffer capacity than those colloids possessing 
a narrow ratio. A comparison of Curve C, figure 2, (3) 
will curve B illustrate this point. The colloid of 
curve C has a silica-sesquioxide ratio of 3.25; the 
colloid of curve B has a ratio of 2.11. 
The presence of varying amounts of colloidal 
phosphates should presumably exert a significant effect 
upon buffer capacity when colloids with differing 
phosphate content are compared. Baver (3), however, 
found that the application of 0. 1 N phosphoric acid to 
dialyzed clay at the rate of 3, 5, and 10 tons of 
superphosphate to the acre had no appreciable effect 
upon buffer action. 
The possibility of a buffering due to a 
carbonic acid/bicarbonate system has already been 
suggested in the brief review of Kappen's conception of 
* 
soil buffers. Other investigators have likewise commented 
8. 
upon this possibility (14) (3). Fraps and Fudge (8) 
made an extensive study of the buffer curves of soils 
containing varying amounts of carbonates, and came to 
the conclusion that the buffer curves for the soils 
under examination represented, in general, three phases 
of equilibrium between the buffering due to the alumino- 
silicic system and the buffering due to a carbonate 
system. These investigators were able to differentiate 
three types of curves depending upon the presence or 
absence of carbonates. The three types of curves are 
shown in figure 5. (8) The curve of type one is 
characteristic of soils having a low buffer capacity, 
and in which the buffer action is due primarily to 
silicates, and secondarily, to some degree, to the 
organic matter present (8)."A greater amount of acid is 
required to cause the change from pH 5 to pH 4 than 
from pH 6 to pH 5". Soils having the type two curve are 
usually high in carbonates, and possess a high alkalinity, 
nA smaller amount of acid is required to change the reaction 
from pH 5 to pH 4 than from pH 6 to pH 5 ... This shape 
curve is probably due to the fact that all of the 
carbonate has not been destroyed in the change from pH 6 
to pH 5. Small quantities of carbonate remain to be 
decomposed from pH 5 to pH 4, while practically all of 
9. 
the carbonate is destroyed before pH 4 is reached. In 
the soils then, the carbonates are the determining factor 
in the development of buffer action, to a greater extent 
than the silicates”(8). Curves of type three indicate 
an equilibrium between the silicates determining the 
curve of type one, with the carbonates, determining the 
curve of type two. 
It is apparent that while the 11 nature of soil 
buffer action is solely a function of the amount and 
nature of the colloidal acids present, and primarily 
dependent upon the amount and nature of the mineral clay 
acids" that under a given condition certain secondary 
factors may determine the nature of the buffer curve. 
That organic matter in the soil may greatly enhance the 
buffer capacity of soils has repeatedly been shown 
(10), (11), (13), it being common lore that highly organic 
soils are highly buffered, the high base exchange capacity 
of organic matter usually being credited as responsible 
for this action (13). Oden has demonstrated,to the 
contrary, that the humic acids associated with organic 
matter, being relatively weak, could exert buffering 
properties due to dissociation phenomena. The role of 
organic matter in the soil buffer system is epitomized 
in figures 2 and 3, taken from Baver (3). Baver in 
10. 
commenting upon the curves stated, MThe significant fact 
from these curves is that the nature of the mineral 
colloid is the chief factor in buffer action. Oxidation 
with hydrogen peroxide did not affect the nature of the 
that 
soil acid. Figure 3 clearly shows/the effect of the 
mineral colloid is predominant up to the neutral point." 
Maiwald, however, considered that from pH 6, 
and above, and not merely from pH 7,that the buffering 
effect due to organic matter becomes of moment. The 
increased activity of the organic matter at the higher 
pH vedues is considered to be a result of the increased 
dispersion of the organic matter at the higher 
alkalinity (3). 
Waksman (16) has stated that "the buffering 
properties of the various types of humus differ considerably, 
depending upon the nature of the plant residues, on the 
degree of their decomposition, and on the nature of the 
inorganic soil constituents". Thus, Plice (12), in a 
study of forest litter and its relation to the type of 
humus formed, found, in several Instances,a distinct 
relation between the properties of the litter and the 
humus layer, "but, buffer capacity exceeds the sum of 
the principal basis for the superantacid species ... 
Hence organic buffering substances play an important role 
11. 
in addition to the mineral." 
McG-eorge (9) has shown that in highly organic 
soils that there is a direct "linear function between the 
loss of organic matter and the decrease in the exchange 
capacity of the soil." Hence, it may be inferred that 
as decomposition proceeds, with its concommitant loss 
of organic matter, that the buffer capacity would also 
decrease, a resultant of the loss of the "organic 
buffering substances" of Plice. 
From the preceding review of literature it is 
evident that much confusion exists as to the actual 
mechanism of buffer action in soils. The simplest 
explanation (3) of the process would be to assume that 
buffering consists merely in the removal of H ions and 
of OH ions by OH ion and H ions emanating from a buffer 
complex. There can, of course, be but little oLuarrel 
with this explanation, though it still leaves open to 
controversy the exact chemical nature of the complex, 
and the manner in which the stablizing H and OH ions are 
released into solution. However, in spite of much 
uncertainty with regard to the fundamental chemistry of 
the process certain salient facts are well established. 
It is fairly well agreed upon that, for mineral soils, 
12. 
buffering is essentially dependent upon the mineral 
colloids. The magnitude of buffering, further is 
dependent upon both the quantity of colloid present, 
and upon certain chemical characteristics that are 
typified by the silica-sesquioxide ration. It has 
been established also that carbonates, if present in 
sufficient quantity, may supercede the mineral 
colloids as a determinant of the nature of the buffer 
curve and of the scope of buffering. Finally, it has 
been established that, while the mineral colloids are 
most effective as buffers up to pH 6 to pH 7, that, 
in the slightly acid and alkaline range of soil 
reaction they are superceded by the buffering of 
organic matter. 
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III. EXPERIMENTAL PROCEDURE 
The general plan of the experimental 
procedure was to incorporate each of the plant residues 
under investigation with the two selected soils, and, 
under controlled conditions of temperature and 
moisture, to allow these residue to decompose for a 
period of six months. At four week intervals data 
for the construction of buffer curves was taken. 
The plant materials were collected when 
green and about two-thirds mature. They were oven 
dried, at about 60 C., and then ground in a Wiley mill 
fine enough to pass a 100 mm. sieve. Per cent nitrogen 
was determined by the Kjoldahl dunning-Arnold 
method (la). The pH of the residues was obtained by 
weighing out 0.5 gram samples of each made up to 50 cc. 
with distilled water and the pH determined with a 
Beckman pH meter. The following plant materials 
were used: 
17 
Plant 
material Botanical-Name 
Per cent 
N pH 
Artichoke Helianthus tuberosus L. 3.44 6.70 
Barley Hordeum vulgare L. 1.36 6.10 
Buckwheat Fagopyrum esculenturn Moench. 1.75 5.40 
Oats Avena sativa L. 1.62 6.30 
Rape Brassica napus L. 2.33 6.01 
Rye Secale cereale L. 1.49 5.11 
Timothy Phleum pratense L. 1.01 4.75 
Tobacco Nicotiana tobacum L. 3.59 7.19 
Two soils were used in this investigation, 
a Merrimac fine sandy loam, and a Hinckley sand. A 
determination of the percentage of the sand, silt, and 
clay separates of each soil was made according to the 
method of Bouyoucos The percentage of organic 
matter was obtained by multiplying the per cent of 
organic carbon present, which was obtained by the 
combustion method (1 ), by the factor 1.724. The pH of 
the soils was determined with a Beckman pH meter. Five 
gram samples of each soil were taken and diluted to 
50 cc. with distilled water. The values obtained by 
this method were 0.49 pH higher than if the standard 
* 
Beckman dilution of 1:1 had been used. 
18. 
Soil 
Per cent 
Sand 
Per cent 
Silt 
Per cent 
Clay 
Percent 
Organic 
matter 
pH 
Merrimac fine 
sand loam 65 26 9 3.36 6.29 
Hinckley sand 86 11 3 mm 5.18 
The plant materials were incorporated with the 
Merrimac soil in three gallon crocks, at the rate of 
three-quarters of a pound of plant material to eight 
pounds of soil. Two pots in each series were untreated 
to serve as checks. To each sand crock was added about 
fifty grams of well rotted cow manure to serve as an 
inoculant. 
The crocks were then placed in a constant 
temperature room and allowed to decompose for a period 
of twenty-four weeks. The temperature was held between 
25 C. and 30 C.; the moisture content was held at about 
50 per cent of the water holding capacity of the soils. 
At weekly intervals the contents of each crock was 
remixed. 
At four week intervals data for the construction 
of buffer curves towards acid was taken. This resolved 
itself into the establishment of a standard procedure 
for determining pH values. The method finally adopted 
was a combination of the procedures of Fraps (8) and 
19. 
of Pierre (ll). 
To a series of five gram samples of soil, in 
eight ounce bottles, taken from a specific treatment, 
increasing increments of approximately 0.1 N sulfuric 
acid was added. The total volume in each case was then 
made up to fifty cc. with distilled water. The bottles 
were stoppered, placed in a mechanical shaker and shaken 
for five minutes. The bottles were then allowed to 
stand for seventy-two hours, during which period the 
bottles were shaken by hand at twenty-four hour intervals. 
At the end of 72 hours pH determinations were made of 
each mixture with a Beckman pH meter. Thus the pH value 
corresponding to each increment of acid was obtained. 
20. 
IV. PRESENTATION OF DATA 
The data obtained experimentally, and found 
in Table 9 in the appendix, is presented in graphical 
form in figures 6 to 24. The curves were obtained by 
plotting on the abscissa cc. of N acid per 100 grams of 
dry soil; on the ordinates were plotted the pH values 
corresponding to a particular increment of acid. No 
attempt was made in the drawing of the curves to 
unduly idealize them. 
In graph 6 the buffer curves for the two 
original soils are compared with the buffer curve for 
distilled water. In this instance, as in all others, 
no attempt was made to carry the pH below 4. 
Figures 7 and 16 present the buffer curves, 
over the 24 week period of the experiment, of the 
untreated Merrimac and Hinckley soils. As in the case 
of the treated soils curves are drawn for weeks 1, 4, 
12, and 24. 
The remaining figures show the buffer curves 
of the two soils following treatment with the various 
residues. In each figure the buffer curve of the 
original soil is included for purposes of comparison. 
Curves are given for weeks 1, 4, 12 and 24. 
21. 
In Table 1 Is presented the total and specific 
buffer capacities, over the 24 week period, of the 
treated and untreated soils. By total buffer capacity 
is meant the number of cc. of N acid, per 100 grams of 
dry soil, required to bring the pH of the soil down to 
pH 4. Specific buffer capacity represents the number of 
cc. of N acid required to effect a change on one pH 
unit, it is derived by dividing the total buffer 
capacity by the total number of units change in pH 
necessary to reach pH 4. 
Table 2 indicates the relative increase in 
both total and specific buffer capacity due to the 
various treatments, over the 24 week period. The total 
buffer and specific buffer capacity of the untreated 
soils are given the weight of 100. 
Table 3 presents the effect of the various 
residues on the pH of the Merrimac and Hinckley soils, 
over the 24 week period. 
Table 4 shows the change in total and specific 
buffer capacity for each of the treatments as decomposition 
progressed. The total buffer capacity and the specific 
buffer capacity of each treatment at the end of the first 
week is given the weight of 100, and the capacities for 
the ensuing weeks calculated on that basis. 
TABLE I. 
22. 
SPECIFIC AND TOTAL BUFFER CAPACITIES OF MERRIMAC AND 
HINCKLEY SOILS DUE TO VARIOUS TREATMENTS* 
in terms of c.c. of N acid per 100 grams dry soil. 
Plant 1 week 4 weeks 12 weeks 24 weeks 
Material Tot. Sp. Tot. Sp* Tot. Sp. Tot. Sp. 
cc.NA cc.NA cc.NA cc.NA 
MIRRIMAC - F. S. L 
None 8.1 3*53 7*2 3.4s 7*7 3.54 b.6l 2.95 
Artichoke 24.1 6.0S 20.2 5.34 17.40 5*70 14.8 5.14 
Barley 12.90 4.18 15.70 5.06 12.70 4.96 10.20 4.55 
Buckwheat 12.40 4.08 17.60 5.64 15.4 5*15 12.40 4.62 
Oats 15-70 4.90 14.90 4.75 12.20 5*52 13.30 4.57 
Rape 20.10 5-93 15*50 4.79 11.00 4.07 11.00 4.5s 
Itye 13*20 5*32 13* so 4*31 9.40 4.05 7*90 3*80 
Timothy 11.20 4.85 10. so 3*95 10. SO 3*95 11.40 3.91 
Tobacco 39*10 9.03 30.70 7.61 26.20 7.10 26. *40 7.13 
HINCKLEY - S. 
None 1.70 1.44 1.70 1.45 I.65 1.50 1.80 1.48 
Artichoke 13*5 3.49 10.7 3.45 10.9 3.1s 8.9O 2. SO 
Barley 7.10 1.96 3*60 1.73 3.60 1.66 3.10 1*57 
Buckwheat 11.30 3.21 S.90 2*73 6.90 2.17 7*00 2*37 
Oats S.30 2.49 5.50 1.93 4.95 1.82 3*90 1.65 
Rape 12.00 3*25 8.50 2.65 8.80 2.47 8.30 2.66 
Rye 5.20 1.S3 3*00 1.66 2.50 1*59 2.68 1*57 
Timothy 3*30 1.62 3.40 1.39 3.45 1.35 3*51 1.30 
Tobacco 16.51 4.49 16.50 *+•37 15*50 3.86 14.97 4.36 
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TABLE III. 
pH CHANGE DUE TO VARIOUS RESIDUES 
ADDED TO MERRIMAC AND HOCKLEY SOILS. 
Plant 
Material 
0 1 week 4 weeks S weeks 12 weeks 16 weeks 20 weeks 24 weeks 
pH pH pH • 
MERRIMAC - * 7« S* L » 
None 6.29 6.29 6.24 6.25 6.17 6.18 fa.15 6.24 
Tobacco S.33 8.11 7. 81 7.69 7.71 7.69 7.70 
Timothy 6.33 6.73 6.64 6.73 6.76 6.69 6.97 
Artichoke 7.96 7*73 7.39 7.05 6.95 6.89 6.38 
Buckwheat 7*07 7.12 7.28 6.99 6.94 6.7b 6.68 
Oats 7.20 7*13 7.02 6.6l 6.57 6.43 b. 47 
Rape 7.36 7.23 6.95 6.70 6.49 6.40 b.40 
Barley 7.08 7.10 6.97 6.52 6.47 6.27 6.24 
Rye 6.66 7.05 6.75 6.31 6.20 6.04 6.08 
HINCKLEY - S. 
None 5.18 5.18 5-17 5.09 5.21 
Tobacco 7.67 7*77 8.01 7.86 7-^3 
Timothy 6.03 6.44 6.5U 6.52 6.68 
Artichoke 7.86 7.13 7.42 7.44 7.17 
Buckwheat 7*51 7.25 7.I8 7.09 6.94 
Oats 7.33 6.S5 6.71 6.44 6.35 
Rape, 7.69 7.20 7.56 7.42 7.H 
Barley 7.61 6.08 6.16 5.82 5.97 
Rye 6.84 5. so 5.57 5.57 5.70 
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Table 5 shows the extent to which the various 
residues were decomposed. The percentage figures were 
obtained from data on the loss on ignition. 
Table 6 and 7 shows the buffering in terms of 
N acid between definite pH ranges for the 24 week 
period. 
Table 8 shows the average increase of buffering 
between definite pH ranges for the 24 week period in 
terms of cc. of N acid, for all treatments combined. 
27 
TABLE V. 
EXTENT OF DECOMPOSITION, IN 24 WEEKS, OF HE SI DUES 
BASED ON LOSS OF IGNITION. 
Plant Material 
Soil 
Merrimac Hinckley 
per cent decomposed. per cent decomposed 
Artichoke 53 . 4s 
Barley 4s 62 
Buckwheat 4s 47 
Oats 50 55 
Eape 49 63 
Bye 50 35 
Timothy 22 22 
Tobacco 42 4o 
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V. DISCUSSION OF RESULTS 
A. Chances In Total Buffer Capacity Due to Incorporation 
of Organic Residues. 
From an inspection of the buffer curves, 
Figures 6 - 24, it may be concluded that, with respect 
to both immediate and ultimate effects, the addition of 
crop residues to soils, has under the conditions of this 
experiment, increased the total buffer capacity of the 
soils toxvards acid. A comparison of Figure 6, which 
compares the buffer curves of the untreated soils with 
the curve for distilled water, with any of the treatments, 
directly illustrates this effect, the magnitude of which 
varies from crop to crop, as the data in Table 1 indicates. 
At the end of the first week of decomposition the timothy 
treated Merrimac soil required 11.2 cc. of N acid to 
bring the pH to 4, while for the tobacco treated soil 
39.10 cc. of N acid was required to bring the pH to the 
same value. In order to compare more fully the relative 
magnitudes of the increase in total buffer capacity for 
the different crops table 2 was compiled. In table 2 
the total buffer capacity of the original soils were 
given the weight of 100, and the comparative values for 
each treatment calculated on that basis. The increase. 
39b. 
increase of total buffer capacity follows the same 
trend, with respect to the individual crops, as does 
the effect of these crops upon soil acidity. There are, 
of course, anomalies, for example in the Merrimac soil 
the tobacco treatment wrought the greatest change at 
the end of the first week, while in the Hinckley soil 
the artichoke treatment caused the greatest change in 
pH value. It is apparent that the increase in total 
buffer capacity closely follows the increase in pH value; 
that as the acidity is decreased total buffer capacity 
is increased. To better present the relationship between 
the nitrogen content of the various residues, and the 
resultant change in pH, and total buffering capacity at 
the end of the first week the following tabulation is 
presented, in it the crops are arranged in the order of 
decreasing N content, and of decreasing effect upon 
acidity and T. B. C. 
Per cent Acidity of treated soils Total buffer capacity 
Nitrogen Merrimac Hinckley Merrimac Hinckley 
Tobacco Tobacco Tobacco Tobacco Artichoke 
Artichoke Artichoke Artichoke Artichoke Tobacco 
Rape Rape Rape Rape Rape 
Buckwheat Oats Buckwheat Oats Barley 
Oats Rye Oats Buckwheat Buckwheat 
Rye Barley Barley Barley Oats 
Barley Buckwheat Rye Rye Rye 
Timothy Timothy Timothy Timothy Timothy 
relatively, in the case of the Hinckley soil at the end 
of the first week, for tobacco was nearly tenfold over 
that of the untreated soil, and threefold for timothy; 
in the Merrimac soil the increase for tobacco was five¬ 
fold, and but one-third for timothy. 
In both soils the order of the various 
residues with respect to the change in total buffer 
capacity was essentially identical. In the Merrimac 
soil the order of the decreasing effect upon buffer 
capacity was tobacco, artichoke, rape, oats, rye, 
barley, buckwheat, and timothy; in the Hinckley soil 
the order was tobacco, artichoke, rape, buckwheat, oats, 
barley, rye, and timothy, at the end of the first week 
of decomposition. 
Previous studies ( ), ( ), ( ), ( ) have 
shown that the increase of pH values following the 
incorporation and decomposition of organic residues, 
or of nitrogenous fertilizers, is closely related to the 
production of ammonia from these materials. The results 
obtained in the present investigation indicate that 
those materials which contain the greatest amounts of 
nitrogen will cause the greatest rise in pH. Table 3 
which gives the change in pH values of the treated soils 
over the period of the investigation reveals that the 
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From the first week onward there was a 
decrease in nearly all treatments of pH and of the total 
buffer capacity, Tables 3 and 4 indicates this change. 
In Table 4 the total buffer capacity for each treatment 
at the end of the first week is given the value of 100. 
The average decrease of total buffer capacity for the 
Merrimac soil at the 24th week was 21.4 per cent; the 
average decrease for the Hinckley soil was 33.5 per cent. 
There were, however, wide fluctuations. In the case of 
the Hinckley soils treated with barley the total buffering 
dropped to 57 per cent of that for the first week, while 
timothy showed a gain of 6 per cent. Again, in the case 
of the Merrimac soil, buckwheat remained constant while 
timothy showed a 1 per cent gain in total buffer capacity. 
With respect to pH values timothy likewise showed an 
increase at the end of 24 weeks over the value for the 
first week. This discrepancy on the part of timothy, as 
well as certain aberrations on the part of the other 
residues, may be explained, in part, by the unevenness 
of decomposition. Timothy, Table 5, was decomposed only 
to the extent of 22 per cent, as opposed to approximately 
50 per cent decomposition of the other residues. This 
would Indicate that the timothy residues were being 
slowly decomposed, with a gradual and even evolution of 
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the end products of decomposition. It has been observed 
(16) that those materials possessing a wide carbon- 
nitrogen ratio decompose much more slowly than those 
materials possessing a narrow ratio, but that eventually 
the decomposition of the more slowly decomposing residues 
becomes accelerated. The N/C ration for Timothy was 
1:48, and for the other residues 1:9 to 1:24. )■ This 
fact may be the underlying reason why the timothy treat¬ 
ments at the end of 24 weeks showed a rise in both pH and 
total buffer capacity. On the whole, however, the general 
relation between the per cent of nitrogen in the residues, 
effect on pH, and total buffer capacity was still 
manifest at the end of 24 weeks. The following table 
presents this relationship in tabular form with those crops 
containing the greatest content of nitrogen at the top 
of the table and arranged in descending order, likewise 
for the effect on pH and on total buffer capacity the 
crops are tabulated in their order of decreasing effect. 
Per cent Tota„l buffer capacity 
- PH 
Nitrogen Merrimac Hinckley Merrimac Hinckley 
Tobacco Tobacco Tobacco Tobacco Tobacco 
Artichoke Artichoke Artichoke Timothy Artichoke 
Rape Oats Rape Artichoke Rape 
Buckwheat Buckwheat Buckwheat Buckwheat Buckwheat 
Oats Timothy Oats Oats Timothy 
Hye Rape Timothy Rape Oats 
Barley Barley Barley Barley Barley 
Timothy Rye Rye Rye Rye 
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It would appear then that, in this experiment, 
the addition of plant residues to soil has definitely 
increased the capacity of the soil to buffer against 
acid. In all cases the residues, upon decomposition 
have, at the outset, decreased soil acidity, though as 
table 3 would indicate upon the complete fruition of 
the processes of decay the reverse might occur. The 
behavior of rye is Indicative of the trend, at 24 weeks 
the pH value of the soils treated with rye being slightly 
below that of the untreated soils. It is also evident 
that the total buffer capacity of the soils have Increased 
more or less in proportion to the decrease in acidity, 
and that, as decomposition proceeds, and as acidity 
increases the total buffer capacity decreases. It is 
evident, further, that the decrease in acidity during 
the early stages of decomposition is in direct relation 
to the nitrogen content of the various residues. 
B. Changes in Specific Buffer Capacity Due to Incorporation 
of Organic Nucleus with Soil 
As would be expected the addition of plant 
residues to the soils increased the specific buffer 
capacity of the soils. The data in Table 1 and Table 2 
shoxtf that this Increase is not as proportionally great as 
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the increase in total buffer capacity. Thus for tobacco 
in the Merrimac soil the specific buffer capacity was 
increased but one and one-half times, as opposed to the 
fivefold increase in total buffer capacity; barley and 
buckwheat increased the specific buffer capacity 18 
per cent and 15 per cent respectively, as opposed to 
the increase of 60 per cent and 53 per cent in total 
buffer capacity. 
The order of the plant materials with respect 
to their relative effect upon specific buffer capacity 
follows, generally, the same trend as in the case of the 
total buffer capacity, tobacco, artichoke, rape, rye, 
oats, timothy, barley, and buckwheat in the Merrimac 
soil. In the Hinckley soil the order was tobacco, 
artichoke, rape, buckwheat, oats, barley, rye, and 
timothy at the end of the first week of decomposition. 
As in the case of the total buffer capacity 
the specific buffer capacity decreased, Table 4, as 
decomposition proceeded although not to the same degree, 
the average decrease of specific buffer capacity in the 
Merrimac soil was 25 per cent and in the Hinckley soil 
20 per cent. 
The use of the specific buffer capacity while 
valuable (ll) for indicating the average buffering effect 
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per average pH, obscures the buffering effect peculiar 
to each specific pH range. In Tables 6 and 7, are 
presented the number of cc. of N acid required to 
depress the pH value one unit at specific pH ranges. 
Table 8 lists the average increase of buffering in terms 
of cc. of N acid, for all of the residues used. It is 
evident from Table 8 that the residues added to the soils 
have increased but slightly the buffer capacity between 
pH 5 and pH 4. At the end of the first week, in fact, 
in this range with artichoke, barley, and buckwheat 
treatments the buffer capacity decreased. This behavior 
might be due to faulty sampling. 
In the pH 6 to pH 5 range the increase of 
buffering due to the incorporation of residues has 
increased about threefold over that of the pH 5 to pH 4 
range. The great increase in buffering capacity came, 
however, above pH 6. As decomposition proceeded, and 
as the pH of the soils dropped, the buffering above 6 
became in nearly all cases none-existent. The buffering 
from pH 6 to pH 5, however, remained constant, and did 
not appear to taper off. These results are in agreement 
with those obtained by previous investigators who found 
that buffering due to organic matter obtained above pH 6 to 
6.5. 
This phenomenon is reflected in the change in 
the form of the buffer curves. In nee.rly all cases 
at the end of the first week of decomposition the buffer 
45 
curves assume a distinct convexity, due to the buffering 
at the higher pH values. As decomposition proceeded 
the curves became less convex, approaching a straight 
line at 12 weeks. At the end of 24 weeks the buffer 
curves had, with the exception of artichoke and tobacco, 
assumed the same form as the curves for the untreated 
soils. 
It would appear that the gradual change of 
the convex curves of the first week to the concave 
curves of the original soils indicates a dimunition in 
amount of those compounds upon which the buffering in 
the early stages of decomposition depends. The curves 
at the end of the twenty-fourth week, with the exception 
of tobacco and artichoke, apparently indicate that, 
while the intensity of buffering has been increased by 
treatment, the buffering effect is due to the same type 
of compound active in the original soils. Previous 
investigators (^) (/*) (/f>),- who have dealt with organic 
matter that was at comparative equilibrium, humus, have 
attributed the buffer effect to the organic matter per se. 
In the present investigation, in which fresh, easily 
decomposable, organic residues were incorporated with 
soil, it does not appear plausible that during the first 
week of decomposition that enough humus could have been 
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formed to have so greatly increased the buffer effect. 
It may be, however, that the increase in buffering may 
have arisen from the activation of humus already present 
in the soil consequent upon the rise in pH following 
the addition of the plant residues. This latter supposition 
is not valid for the Hinckley soil, which originally 
contained no organic matter, but which nevertheless 
showed a marked increase in buffer capacity at the end 
of the first week. Therefore, it would appear that the 
buffer effect of the initial atages of decomposition was 
due to certain of the end products that are of a 
transitory nature. 
Unfortunately no data was taken that would 
tend to indicate the identity of the end products which 
might have caused the buffer effect. It would appear, 
however, that part of this effect might be due to the 
ammonification of the organic nitrogen of the residues, 
since in nearly every instance those residues containing 
the greatest amounts of nitrogen have increased the 
buffer capacity most. 
VI. CONCLUSIONS 
47. 
1. The addition of plant residues to Merrimac and 
Hinckley soils, has, under the conditions of this 
experiment, increased the buffer capacity of these 
soils towards acid. 
2. In the majority of cases the greatest increase in 
buffer capacity occurred at the end of the first 
week of decomposition. 
3. From the first week onward, as decomposition progressed, 
the buffer capacity of the treated soils decreased, 
but in all cases the buffer capacity of the treated 
soils at the end of twenty-four weeks was higher than 
that of the untreated soils. 
4. It was found that the effect of the residues upon 
the buffer capacity was greatest above pH 6. 
5. It was found that, in general, those residues contain¬ 
ing the greatest percentage of nitrogen had the 
greatest effect upon the buffer capacity of the soils. 
48. 
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